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INTRODUCTION
This summary report details the conclusions and recommendations which arose
from the Great Lakes Atmospheric Deposition Workshop held in Scarborough, Ontario,
between October 29 and 31, 1986. The workshop was sponsored by the Science
Advisory, the Water Quality and the International Air Quality Advisory Boards of the
International Joint Commission.
During the workshop, speeches were made by Commissioners Bulen and Welch of
the United States and Canadian sections of the International Joint Commission,
respectively. The opening speech by Mr. Bulen and the dinner speech by Mr. Welch are
reported here in their entirety.
The purpose of the workshop was to reach a consensus on the nature of atmospheric
loadings of 14 specific toxic chemicals to the Great Lakes basin. Specifically,
participants were to define and refine, using a mass—balance concept, the nature of the
problem.
The workshop itself was attended by some forty technical and scientific experts in
water and air pollution. These experts were given a technical discussion paper,
prepared by Drs. Strachan and Eisenreich, on mass balancing of toxic chemicals in the
Great Lakes and the role of the atmosphere. During the workshop, presentations were
made on various aspects of the models by other experts. Workgroups discussed data
needs, models and results in depth. The report summarizes the revised estimates of
loadings of selected toxic substances to the Great Lakes, together with highlights,
conclusions and recommendations. Supporting documentation, including methods of
calculation, is given in Appendix 1. One of the needs identified at the workshop was an
analysis of the production, usage and atmospheric emissions of the priority chemicals
discussed at the workshop. A full report has since been prepared by Drs. Voldner and
Ellenton and Mr. Smith and is reproduced as Appendix 2. This report again summarizes
the highlights, conclusions and recommendations of the full report.
The last section of this report is an invited paper by Dr. Allen which deals with the
critical role of scale as it could influence bilateral initiatives in controlling sources of
toxic chemicals to the atmosphere. The paper is presented here in its entirety.
This summary report provides a concise overview of all materials presented and
discussed at the workshop, including a précis of the emissions paper which was
completed as a result of discussions at the workshop.
Not only were the invited experts asked to reach consensus on the nature of the
problem but also on its quantification. For example, how much PCB enters Lake
Supe
rior
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nd
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 OPENING SPEECH
Commissioner L. Keith Bulen
The Commission genuinely compliments the three International Joint Commission's
advisory boards working cooperatively to sponsor this workshop. The Great Lakes
Science Advisory Board (SAB), the Great Lakes Water Quality Board (WQB) and the
International Air Quality Advisory Board (IAQAB) have mutual interests. Although each
views atmospheric deposition from a somewhat different perspective, they share a need
to deepen our understanding of the process by which toxic chemicals may be a
converter and travel through the air with consequent risks to our ecosystem.
It is the objective of the Commission to bring about effective coordination between
and among various IJC entities working on monitoring questions so that the Commission
may proceed in coherent fashion toward the goal of an integrated transboundary
monitoring network.
The joint IAQAB/WQB/SAB Atmospheric Deposition Workshop was conceived in
this spirit. While this workshop will deal directly with loadings and fluxes of certain
toxic chemicals to the Great Lakes, the monitoring and modeling methods that will be
presented and discussed should have a transboundary-wide application and further the
objectives of the Commission.
These three entities, realizing the need for a holistic approach to environmental
problems have broadened their abilities (and that of the Commission) to encompass
prominently, activities relative to atmospheric contributions affecting transboundary
areas.
The Water Quality Board has recently created the "Atmospheric Deposition Task
Force" comprised of eight learned and experienced individuals from both Canada and
the
Unit
ed S
tate
s wh
o, a
s a p
art
of th
eir c
harg
e, a
re "
to de
velo
p a
com
mon
prot
ocol
for
atmospheric deposition monitoring."
The Water Quality Board is, through its various members and committees, involved
in as
sess
ing
the
US.
atmo
sphe
ric
depo
siti
on n
etwo
rk a
ctiv
ity
in t
he G
reat
Lake
s ba
sin.
The
US
EPA,
as a
resul
t of
such
input
, is
now
cons
ider
ing
revi
sion
s to
its G
LAD
(Gre
at
Lake
s A
tmos
pher
ic
Depo
siti
on)
netw
ork
whic
h I
thin
k is
most
inte
rest
ing
and
appropriate.
Admi
nist
rato
r Th
omas
and
Mini
ster
McMi
llan
have
rece
ntly
agre
ed t
o im
prov
e th
e
coor
dina
tion
of a
tmo
sph
eri
c m
oni
tor
ing
bet
wee
n t
he t
wo
nati
ons.
Sign
ific
ant
emp
has
is
and
acti
vity
by
US
and
Can
adi
an
agen
cies
, P
rovi
nces
and
cert
ain
Stat
es
con
cer
nin
g
atm
osp
her
ic d
epos
itio
n mo
nito
ring
, is
eith
er c
urre
ntly
und
erw
ay o
r in
the
proc
ess.
The
SAB
has
rest
ruct
ured
its
com
mit
tee
s,
focu
s a
nd
for
m t
o r
eem
pha
siz
e t
he
eco
sys
tem
app
roa
ch
and
tow
ard
mor
e f
utu
ris
tic
con
sid
era
tio
ns
rel
ati
ve
to
the
bas
in.
Ver
y
rec
ent
ly,
the
y h
ave
eve
n
pro
pos
ed
an
eco
sys
tem
eth
ic
for
the
Gre
at
Lak
es
com
mun
ity
.
The
y h
ave
bro
ade
ned
thei
r m
emb
ers
hip
to
incl
ude
atm
osp
her
ic
expe
rtis
e
and
are
ado
pti
ng
int
egr
ati
ve
str
ate
gie
s i
n t
hei
r a
ppr
oac
hes
to
adv
isi
ng
the
Com
mis
sio
n
and the WQB.
The
Int
ern
ati
ona
l A
ir
Qua
lit
y A
dvi
sor
y B
oar
d i
s st
riv
ing
to
assi
st
the
Com
mis
sio
n,
par
tic
ula
rly
wit
h r
ega
rd
to
a c
oup
le
of
spe
cia
l p
roj
ect
s.
The
y a
re
cre
ati
ng
or
hav
e a
lso
cre
ate
d a
n e
xpe
rt
gro
up
on
mon
ito
rin
g.
The
exp
ert
gro
up
on
mon
ito
rin
g w
ill
ana
lyz
e
 
  
  
existing monitoring networks and their data bases to develop methods of integration to
help jurisdictions and the Parties describe the state of the environment in the
transboundary region. This group will further look at the need for new or modified
networks in moving toward the concept of a Transboundary Integrated Monitoring
Network.
A recent and welcome exercise of the Board, in conjunction with the SAB, was the
assimilation and study of the first of two recently completed, relatively comprehensive,
inventories: one covering Transboundary Monitoring across North America; and the
second covering primarily the Great Lakes region.
A subsequent report entitled "An Inventory of Current Environmental Monitoring
Projects in the US. — Canadian Transboundary Region" by CS. Glantz, M.Y. Ballinger
and E.G. Chapman was also received by the Board in May of this year. A further
product of their ongoing inventory information work was its conversion into a data base
for use with the dBASE 111 software management system on an IBM compatible personal
computer. The first phase was completed and distributed. I personally congratulate
them on this singularly important accomplishment and most-useful undertaking.
The need for such an inventory with updates became apparent, when, in October,
1984, the Commission hosted a workshop in Philadelphia on the need for an integrated,
transboundary monitoring network. The goal of that workshop was to establish a
dialogue on methods by which we might more effectively and efficiently provide a basis
for environmental decision—making in both the United States and Canada.
A computer mapping of existing monitoring facilities along the boundary area
produced large blots of uncoordinated, sometimes single—purpose, often overlapping
facilities. While the economies of shared data seem self—evident, it will take a
deliberate, cooperative effort to overcome past practices and fierce turf—protection by
the myriad of agencies engaged in surveillance and monitoring efforts.
We hope that this workshop, although focusing on specific chemicals and a specific
area (i.e. Great Lakes) will nevertheless produce results which can be applied more
generally and which will be building blocks for our ultimate objective of integrated
transboundary monitoring which will include an ecosystem—sensitive approach.
The Commission genuinely appreciates your willingness to attend and participate in
this workshop. We particularly wish to thank the Planning Committee, co—chaired by
Mr. Peter Wise and Dr. Jim Young with able Secretariat support by Dr. Andy Watson.
We recognize the significant amount of preparation which has already been done and
the further efforts which will go into making this a successful dialogue.
I am certain
that the Commission will benefit from your labors and I hope that each of you will be
able to take home something which can be useful to you in other endeavors.
The problems of the Great Lakes led not only to the Water Quality Agreement
between Canada and the United States but were key factors in the passage of national
legislation to deal with water quality and other environmental problems. Due to the
lengthy retention times of the Great Lakes (Lakes Superior and Michigan, particularly),
the Great Lakes serve as a showcase for environmental problems. Therefore, works by
scientists and regulators in the Great Lakes area have proven to be prototypes for much
of North America and even the world.
For example, under the Great Lakes Water
Quality Agreement,
we
established for the first time, large lake mathematical
 
 modeling. We set advanced technology requirements for publicly—owned treatment
works. We demonstrated the need for effective nonpoint source controls and we
achieved phosphate—detergent bans in most of the Great Lakes jurisdictions. These
achievements, while significant to the restoration of the health of the Great Lakes,
have also served as models for the Chesapeake Bay and other water quality efforts
within our two nations and in other regions of the world.
The Commission has considerable expectations for the success of this long-awaited
workshop and other associated efforts, to develop tools to measure and predict the
impact of toxic chemicals in the Great Lakes. The problems of in—place polluted
sediments, plus transport of toxic chemicals from the atmosphere, must be addressed in
order for the Great Lakes to meet the objectives set out in the Agreement between the
two countries.
The Great Lakes are an important part of the overall picture. We must bear in
mind, however, through this workshop and after, that our ultimate goal is to strengthen
and improve our monitoring capability throughout the entire transboundary region so
that we can make wise and anticipatory decisions involving and affecting invaluable
joint natural resources,including the friendship that transcends that common border.
Article 1(g) of the Great Lakes Water Quality Agreement of 1978 defines the "Great
Lakes Basin Ecosystem" as:
"... the interacting components of air, land, water andliving organisms,
including man, within the drainage basin of the St. Lawrence River at or
upstream from the point at which this river becomes the international
boundary between Canada and the United States."
The Agreement declares:
"... that restoration and enhancement of the boundary waters cannotbe
achieved independently of other parts of the Great Lakes Basin Ecosystem
with which these water interact."
An ecosystem approach means, therefore, that action affecting the lakes, taken or
authorized by the governments, shall proceed on the understanding that the bounded field
of policy is no less than the basin-wide watershed of the Great Lakes and the multifarious
relationships interacting within and intruding from without.
Unfortunately, new emerging multidisciplinary environmental sciences overlaid by
enormous political, economic and societal ramifications tend to often confuse and slow
the ecosystem approach to environmental problem solving.
As we prepare to advise governments, on the occasion of reviewing the present Great
Lakes Water Quality Agreement, I, as one Commissioner, feel strongly the responsibility
of the International Joint Commission under boththe 1909 Treaty and the 1978 Agreement,
for unifying and integrating the concept and principle of a basin—wide ecosystem.
Although cooperation in a unified and ongoing manner, between legions of disparate
and divergent interests and entities is a frustrating and painful process, it nevertheless is
much to be desired when one contemplates the results of failure to do so.
 
  
An agreed ecosystem management strategy and the implementation thereof is a
formidable, but I submit, not impossible challenge, once governments and people at all
levels are committed to shouldering and sharing the task.
It seems to me that an opportunity and occasion for us to take a practical step
toward such implementation is at hand now, at this workshop.
Again, on behalf of the Commission, thanks to our three family entitites who have
come together in the exalted spirit of good will, mutual respect, cooperation and
commitment to a better quality of life for millions of North American citizens and
enhanced environments everywhere.
 DINNER SPEECH
Commissioner Robert S. K. Welch. O.C.
Well, thank you very much colleagues, ladies and gentlemen. I am delighted to have
this opportunity to share at this particular point in the workshop, knowing that the
published agenda indicates that this meal and everything is over at 9:00 pm. and it's now
quarter—to—nine which does impose a certain discipline on the individual who nowstands
before you and presumes to have something to say, keeping in mind the tremendous
amount of work which you have already done.
I'm grateful for my colleague's introduction of me. It is true thathe had very little
notice and that reminded me of an incident, although he didn't do the same thing, that
happened to me not too long ago in my home area which is the Niagara area. In fact we
live in Niagara-on—the—Lake. I was speaking to the local Lion's Club there and they had a
habit of not having things too prepared, including the introduction of the speaker. Whenl
got there, somebody (at least that's what they pretended was the situation), someone with
whom I had gone to school was then asked if he would introduce me to the members of the
Lion's Club and this fellow got up with the biographical material which a very devoted
office staff had sent on ahead with all of the details of the living obituary carefully
catalogued. This chap came to the microphone on the call of the Chairman of the
meeting to introduce the speaker and he fumbled with all these papers and said, "I just
came to the meeting like all you guys and I didn't know I was gonna have to introduce this
here speaker," but he said, "I got these sheets and it says on these sheets that this here
speaker really needs no introduction from anyone in this, his home town, now ...," he said,
"You know I hope that's the case. I've lived here all my life and I have never heard of this
guy before." Now let me tell you that does something for one's ego.
I've often wondered why you have to have introductions anyway until I heard this
delightful story told of a clergyman, an Episcopalian—Anglican (so that I can cover both
sides of the border) who, with his wife, was on his way to a particular speaking assignment
in the City of St. Catharines. It was obvious that he was running late so as his wife was
nervously seated at his side, he was exceeding the speed limit and we don't do that in
Regional Niagara without eventually coming against a law enforcement agency which is
very efficient—-sometimes overly efficient. It was obvious by what the clergyman saw in
his rear—vision mirror and by what he heard, that one of Niagara Regional's finest was
anxious that he pull over for a consultation. Being one of the few law—abiding clergymen
of the Anglican (or Episcopalian) Church in that part of the area, he pulled over and rolled
his window down to await a lecture from the very stern—looking law enforcement officer
and as this guy strolled over and leaned in, he said, "Where in the h—-—, Oh father!," he
said, and it was obvious that that man wished it was his day off. Pleasantries followed
and the window finally went up and lo—and—behold as the result of that conversation, we
have my clergyman friend now not being pursued by Niagara's finest, but the man's out
front clearing the traffic for the clergyman accompanied by his wife so that he can make
his appointment. There was a silence in the front seat of the car, finally broken by the
wife who made it quite clear that she was very upset about that exchange and about what
had happened. The clergyman sort of chuckled a bit and there are those who would
understand that in domestic situations such as that, that doesn't always go over very well
and she said to her husband, in a very stern way, "Let's not treat this lightly. You know
very well who that man up ahead thinks you are," and he said and chuckled, "Please don't
get excited dear," in a very calm way, "I've got a pretty good idea who that man up there
thinks I am, I've been sitting here wondering who he thinks YOU are." Well obviously
that's why we have introducers —— so there'll be no mistaken identity.
  
  
We understand the political background of my colleague, the Commissioner, is such
that he is known to always rise to occasions when they're required and when, he himself,
was a great campaigner. In those days when he was in that particular area of political
activity, he was known to come across, in one of the rural areas, that which was obviously
a campaign meeting. He saw a lot of people gathered at the crossroads of this particular
part of the rural area, as the campaign was getting close to election day, not unlike
perhaps the very period in which they [the U.S.] find themselves at the moment——next
Tuesday, November 4th. There was a candidate as I recall, for the Senate, who as he
arrived on this particular occasion and saw the number of people, wanted to elevate
himself in such a way that he could look into the eyes of the voters and convince them to
respect his sincerity, lo—and—behold saw what we'd call today a solid—waste disposal
unit—-in the old days, simply known as a manure speader——and he jumped up on this and
could not let the occasion go by without saying "You know folks, this is the first time that
I, let's call him John Smith, have ever stood on a democratic platform in the United
States" and there was a bit of a chuckle and the result was that one of the old—timers in
the back was heard to say with a very loud whisper, "You better not move around up there
too quick, it's never held such a load before."
I'm delighted to be here because I feel quite privileged to be listed on the program
along with my colleague, Commissioner Keith Bulen, as a 'host' for this important
workshop and am very anxious that I don't personally have to pay the bill. These
discussions follow the Philadelphia meeting of October, 1984, at which the participants
were invited to consider and I quote "... a continuing binational exploration toward a
transboundary monitoring network." The report of that workshop, in two volumes, is now
available since you see the advertisement here before me and will be distributed at the
conclusion of these remarks. Such partial distribution now will obviously save some
postage and indeed may be seen as a 'prize' or a 'reward‘ for having to sit and listen to
yet another ne_w Commissioner.
The goal of Philadelphia was, in the words of its Chairman, Keith Bulen, "... to
establish a heightened concern and constructive dialoguein support of a sound theoretical
foundation toward a cost—effective, strategy—integrated, monitoring network in the
United States—Canada transboundary region." Keith was also quick to point out the need
to explore approaches to preventing pollution and other environmental changes that
adversely affect the ecological processes critical for maintaining health and property and
prosperity in our two countries. These words, ladies and gentlemen, came from an
individual, my colleague, who views himself as a man who is not afraid to dream, but who
understands fully the difference between dreams and reality, who envisions some sort of
an integrated transboundary monitoring network for the United States and Canada that
would serve as a prototype for the rest of the world. He, therefore, assumes as you can
understand, a strong advocacy role as he continues to provide leadership.
Now we move from Philadelphia to Scarborough. Philadelphia, and now Scarborough,
will be seen as important steps in assessing the significance of the atmospheric pathways.
Indeed, if they lead to better decisions on the control of toxic chemicals, these meetings
will even assume historic importance. In my struggle, and I underline that word to decide
what I, a lowly layman, could say in the presence of such a learned and distinguished
audience, to fulfill the mandate assigned to me yesterday morning by Dr. Young and I
quote him "... to clear your mind over dinner"; which I interpreted to mean that I should
avoid getting involved in the details of our workshop topics and themes and not overlook
those minds which might have to be cleared because of your using imported, rather than
our splendid domestic wines. I might say that I will be happy to give you certain
suggestions at the conclusion of this meal with respect to the product produced from the
vineyards of my former constituency, 900 families depending upon your consumption of
that wine.
-8-
As I reflected on what I should say, my attention focused on an observation made by
Commissioner Bulen two years ago in Philadelphia, "... our ability to measure and to
quantify has become more sophisticated, we can measure to the parts per billion and
trillion the presence of certain chemicals, but we often can't say what that presence
really means to the health of our ecosystem." I would call this, Welch speaking, I call this
the, so—what deficiency, so what? Having measured and announced new discoveries,
sometimes in bold and scarey headlines, always followed by stories without the necessary
qualifications, the public are far too often left without answers to the simple
straight—forward so—what questions. What does this or that finding really mean to the
health of the ecosystem? We appear, you see, in so many cases as reported in a certain
report some years ago, to be loaded with data but we appear also to have no information.
The public, I suggest to you, is entitled to full and responsible answers.
I thought it might be helpful to reflect for just a moment, in fact for just a few more
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I am inclined to think that both the environmental expert and the general public need
to have a better understanding of their respective roles and I believe these r61es are at
least potentially mutually supported. Today, with our uncertainty and rapidly changing
priorities, it does seem to me to be important that the environmental expert has a
responsibility to try and develop a broadly—based constituency amongst the general
public.
Alvin Toffler helps me in summing up these thoughts on the r61e of the experts in
western democracy in his speech to United States Senators and Congressmen. These two
paragraphs in particular:
° first; "... we need to devote far greater energies to anticipate
forecasting, analyzing and appraising alternative futures, but we
also need to find ways of involving ordinary citizens in the process
of setting long—range priorities; and
° second; to cope with these mass, indeed earth—shaking shifts and changes
in the years ahead, we will need a new fusion of expertise with
democratic social control. A combination of specialists with their
ability tosee deep into a problem and an ordinary citizen with their
scepticism and ability tosee around the outer edges of problems."
In conclusion, I might point out these always pleasant and encouraging words (if the
speaker is both serious and honest), that the task of the environmental expert is both
challenging and important. I know you are able to carry out the task with class and
with sensitivity to its human dimension because we look to you as a credible voice of
reason to help us chart individual and collective courses that are consistent with the
local and global realities. Those courses, I suggest to you tonight, must lead somewhere
between fool hardy risk—taking and an overly cautious fearof doing anything at all.
Thank you very much.
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 MASS BALANCING OF TOXIC CHEMICALS IN THE GREAT LAKES:
THE ROLE OF ATMOSPHERIC DEPOSITION: A SUMMARY
BACKGROUND
The International Joint Commission's Science Advisory Board's (1980) Report
included an extensive review of the knowledge of the role of the atmosphere in the
cycling of toxic chemicals as known at that time. This Science Advisory (SAB) Report
noted that there was minimal atmospheric surveillance of toxics despite "evidence .
that airborne deposition is the significant source of some [toxic] contaminants to the
lakes." Polychlorinated biphenyls (PCBs) were one such pollutant singled out. A
number of data needs were identified: the atmospheric concentrations of toxic
chemicals; the distribution between particulate and vapour phases; the amount of dry
deposition; the influence of the episodic nature of the deposition of trace organics; the
spatial and temporal differences in deposition; and the meteorological aspects affecting
the deposition.
In its 1985 report, the International Joint Commission's Water Quality Board (WQB)
recommended that efforts be undertaken to determine the significance of the
atmospheric inputs of toxic chemicals to the Great Lakes and to model their transport,
deposition and fate. The Board identified a list of eleven critical pollutants for which
data were to be gathered and budgets prepared in order to assess the effectiveness of
present controls and the need for additional ones. Some of these critical pollutants,
particularly the metals and PCBs, were first observed in water samples in 1958 and later
in rain samples and in the air.
The foregoing concerns on the part of these two boards under the Great Lakes
Water Quality Agreement, together with the mandate of the International Air Quality
Advisory Board, prompted the International Joint Commission (IJC) to sponsor this
workshop.
APPROACH
The mass balance approach requires that we know or can model all the sources of a
toxic chemical to the Great Lakes and that we know or can model the transfer of the
chemical between the major environmental compartments of the ecosystem, namely
air, land, water, resuspended particulates and lake—bottom sediments. Processes and
rates of processes of air—water or sediment—water transfer of chemicals are required to
be known to complete such mass balances to determine the relative importance of the
atmosphere as a source of a particular chemical to each lake and thus arrive at an
assessment of which point or area sources are most significant and perhaps which
control strategies should have high priority.
The workshop considered the chemicals in three groups: trace metals (lead,
mercury, cadmium and arsenic); industrial organic compounds (benzo[a]pyrene (BaP),
PCBs, HCB and mirex); and organochlorine pesticides (dieldrin, lindane, ot—BHC and
toxaphene). Four compounds originally among the list of critical pollutants require
comment as to their omission. Polynuclear aromatic hydrocarbons (PAHs) are a large
class of compounds and while some of their physico-chemical properties are similar,
wide differences exist in vapour pressures and solubilities and hence, in environmental
behavior. They were omitted since it seemed impossible to adequately represent them
with single—valued properties and concentration data which were largely unobtainable in
-11-
  
 FIGURE 1.
Data and process rate requirements to model mass balances
for fluxes of chemicals in each lake of the Great Lakes.
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In the case of the physical properties of the compounds which affect their
distribution, it was felt that current reports of these properties could vary by factors as
large as 2x for solubility, 4x for vapour pressure and the Henry's Law constant, 2x for
the octanol—water partition coefficient Kow (by which sediment sorption constants and
bioconcentration factors are often predicted), 4x for sedimentation rates, 3x for dry
particle deposition rates and 10x for the bulk transfer coefficient. These imprecisions
could result in uncertainty in the compartmental concentrations by as large a factor as
10x. The participants at the workshop felt it was important to determine these
properties as a function of temperature.
Of the fourteen chemicals of interest here, sufficient information to attempt the
construction of a mass budget (input-output) was available only for PCBs, DDT, BaP
and lead. For the remaining chemicals, insufficient data are available even on
atmospheric and rain concentrations to estimate atmospheric inputs and for the four
chemicals noted, there remain large and unknown uncertainties in the mass balance
calculations. Of the chemicals listed, data adequate to attempt an estimate of
atmospheric and non—atmospheric inputs to the Great Lakes are available only for PCBs
and are shown in table 1.
TABLE I. Annual PCB inputs to the Great Lakes and the fractions
attributed to atmospheric pathways.
 
Total Inputs °/o Atmospheric
Lake kg yr—1 Direct Indirect
Lake Superior 606 90 0
Lake Michigan . 685 58 0
Lake Huron 636 63 15
Lake Erie 2520 7 6
Lake Ontario 2540 6 l
Atmospheric deposition is the sum of that which falls on the lake surface (direct)
and that which falls "upstream" and flows through the connecting channels to the
"downstream" lake. A schematic diagram (figure 2) shows mass balances for PCBs:
inflow (Fi); outflow (F0); atmospheric input (FA); loss to the atmosphere (FV); net loss
to the sediments (F s); and tributary input (FT). The total atmospheric component of the
loading of PCBs is shown as ATM = 90% for Lake Superior, for example.
An extremely important aspect of these calculations is to allow for that portion of
the chemical transported downstream
by
a
connecting
channel
resulting from
atmospheric deposition on the lakes upstream. Thus, while the total atmospheric input
of PCBs to Lake Ontario is 7% (figure 2), it is perhaps more useful to divide this into
the direct atmospheric component to the lake and the indirect atmospheric component
from upstream so as to arrive at the total atmospherically derived load. This was done
for PCBs and the results are shown in figure 3. For Lake Ontario, for example, the
direct atmospheric load was 6% and the indirect atmospheric load from upstream was
1%, for a total atmospheric input of 7%. These values are probably conservative as they
do not include the atmospheric component from tributaries other than the connecting
channel nor the direct discharges in most instances.
The atmosphere was thus estimated to contribute from 90% of the total PCB inputs
to Lake Superior but only 7% of total inputs to Lake Ontario.
However, the importance
-14_
 of atmospheric inputs cannot be concluded with precision without. improved knowledge
of the loadings from non—atmospheric sources.
FIGURE 2. Great Lakes mass balance model: PCBs.
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The upper Great Lakes of Superior, Michigan and Huron receive a significantly
greater fraction of their total PCB input from the atmosphere than do the lower Great
Lakes of Erie and Ontario. This is attributed to the larger surface areas and relative
lack of local sources in the upper lakes as compared to the lower lakes and to extensive
contaminant loading from sources located on the connecting channels comprising the St.
Clair, Detroit and Niagara Rivers and from other point sources.
The percentage of total inputs for the other organic compounds investigated
attributed to the atmospheric pathways is estimated to be: t-DDT, 22-97% and BaP,
72—96% (figure 4). Mirex is observed mainly in Lake Ontario where the atmosphere
contributes less than 5% (if any).
The best information available for the atmospheric input of trace metals is for
lead.
TABLE 2. Annual lead inputs to the Great Lakes and the fractions
attributed to atmospheric pathways.
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FIGURE 3. Atmospheric loading of PCBs to the Great Lakes.
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FIGURE 4. Atmospheric loading of B[a]pyrene to the Great Lakes.
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NOTE: F-r: total wet surface flux of organic compounds in the atmosphere.
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 Even
more
than for PCBs,
the atmospheric deposition of lead is an important, if
not the dominant, input pathway.
The declining use of lead in automotive gasoline due
to government—imposed
controls has markedly affected lead loadings to the Great
Lakes in recent years.
A schematic diagram (figure 5) compares the direct and indirect
atmospheric
components
of
Pb
loading
in
the
lakes.
For example,
the upstream
atmospheric component for Pb to Lake Ontario is 23% and the direct atmospheric input
is 50%; for a total atmospheric input of 73% of the total Pb load to that lake.
FIGURE 5. Atmospheric loading of lead to the Great Lakes.
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Detailed mass balance calculations and the data on which these calculations and
those for the other critical pollutants are given in Appendix 1 to this report.
Atmospheric Deposition Processes
A number of important processes were identified by which toxic metals and organic
chemicals enter the aquatic ecosystem directly from the atmosphere. These included
wetfall deposition (rain, snow together with associated particulate material), dry
deposition (particulate matter, excluding that deposited during wetfall) and vapour
exchange (the net flux from direct sorption by and volatilization from water). It was
concluded that such direct inputs do not adequately indicate the significance of the
atmosphere to the total loading in any lake except Lakes Superior and Michigan. There
are substantial inputs viathe connecting channels and possibly tributaries, particularly
the former and a sizeable fractionof this is derived from the atmosphere. Groundwater
and non-tributary runoff were also discussed but it was concluded that these inputs
were of considerably lesser significance relative to the other named mechanisms.
Particles and gases may be removed from the atmosphere by precipitation
scavenging (rain and snow) and by dry—particle deposition. Further, a net removal of
gases may occur through vapour transfer across the air—water interface. Evidence
suggests that precipitation scavenging of fine particles (<2 pm) and vapour dominates
the atmospheric inputs distant from major point sources or source regions; dry
deposition of larger particles may be more important closer to sources. The ratio of
wet—to—dry deposition for pollutants concentrated in the fine particles should be in the
order of 1.5 - 4.0:l.0. The mass balance paradigm for chemicals with sufficient
concentration data to make such estimates exhibited the following ratios: PCBs, 1.3;
-17-
 
 lead, 3.5—5.0; DDT, O.26-0.5; and BaP,0.32—0.82. Except for PCBs and Pb, the
wet-to—dry ratios appear too low. This suggests that either the estimates of wet
deposition are too low, or more likely, that dry deposition values are too high.
Lake Loss Processes
The important mechanisms whereby chemicals are lost from the system are:
export via the connecting channels or the St. Lawrence River; sedimentation (the net
result of settling and resuspension); volatilization; biodegradation; hydrolysis; and
photochemical degradation. The mass balance paradigm used here assumed the latter
three removal processes were negligible or were included in other loss processes. Some
discussion took place on the water—to—air transfer of contaminants sorbed to particles
and present in aerosols. This loss from the lakes may take place as a consequence of
bubble—bursting in whitecap situations; however, there was inadequate information on
the process and therefore, little could be established about the significance of this
"output" mechanism. It was a consensus opinion, however, that it was of less
significance than other mechanisms. For nearly all organic pollutants, volatilization
appeared equal to or greater than the loss due to sedimentation. For example, the
percentage of pollutant loss due to sedimentation, volatilization and outflow for PCBs
in each of the Great Lakes was estimated.
TABLE 3. Estimated percentage of pollutant loss due to sedimentation, volatilization
and outflow for PCBs in each of the Great Lakes.
 
PERCENTAGE
 
Lake Sedimentation Volatilization Outflow
Lake Superior 11 87 2
Lake Michigan 31 68 1
Lake Huron 19 75 6
Lake Erie 45 46 9
Lake Ontario 30 53 17
The calculations reported here and in recent literature support the hypothesis that
the Great Lakes are actively degassing organic contaminants deposited historically.
This is a mechanism contributing to both lake detoxification and global redistribution of
"old" chemicals. Although the role of volatilization in pollutant loss from the lake is
important, the magnitude and perhaps even the direction of transfer are very uncertain
and await better measurements, transfer constants and models.
Uncertainties in the Mass Balance Calculations
The participants of the Mass Balance workgroup agreed that the uncertainties in
the inputs and outputs of chemical pollutants in the Great Lakes should be estimated.
However, the quality of the data describing atmospheric concentrations and the
uncertainties in the mass transfer coefficients prohibited a statistically—based error
analysis. A list of probable errors associated with individual parameters was prepared
and the participants developed a consensus on the approximate magnitude of these
errors, see table 4.
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 TABLE 4. Uncertainties associated with individual parameters.
Aqueous solubility 2x
Vapour pressure 2 — 4x
Henry's Law constant 2 — 4x
Octanol—water coefficient 2x
Aqueous concentrations 2 — 4x
Net lake—wide sedimentation rates 2x
Recent sediment concentrations 3x
Rain and aerosol concentrations 2x
Dry particle deposition velocity 2 — 4x
Air—water mass transfer coefficient 2 — 10x
The message is clear —— theoretical, laboratory and field investigations must be
employed to reduce the uncertainty in each of these parameters before precise
measures of atmospheric deposition of toxic pollutants and their importance to total
lake inputs and outputs can be achieved. The integrated Great Lakes monitoring effort
with a strong research component, now being discussed by the relevant agencies in
Canada and the United States, is a first step in that direction.
RECOMMENDATIONS OF THE WORKSHOP
As a general comment, the workshop participants agreed that the concentrations of
the critical pollutants in rain, in atmospheric aerosols/particulates, as vapour, dissolved
in water, adsorbed to suspended solids and in surficial sediments, should all be
determined for each lake basin. The different samplings should have a similar time
period and it is expected that this would require some coordination of effort. To
accomplish this, the workshop endorsed the concept of a single "research" station and
three or four "satellite" stations on each lake with the two nations dividing the costs
and operational responsibilities equitably. Replication and determination of the process
rate information would be the focus at the research sites; the satellite stations would
be used to improve the spatial resolution of any concentration patterns. This proposal
was first put forward at an international workshop sponsored by EPA in November, 1985
(at Minneapolis). The report of that meeting contains additional information on such a
network. Further discussion on such a network is also expected in a forthcoming report
from the Water Quality Board's Atmospheric Deposition Monitoring Task Force.
A strategy and the necessary sampling instrumentation and analytical methods,
need to be developed for assessing atmospheric inputs of chemicals at the air—water
interface. This requires the development of information relevant to particulate
deposition and the vapour exchange as well as rain and snow deposition. To determine
the vapour exchange, volatilization will have to be investigated and this, in turn, will
require data on concentrations and several transfer rates within the water column.
Specifically, the needs noted by workshop participants were:
1. The concentrations of critical organic and inorganic contaminants in rain and snow,
inatmospheric aerosols and in the vapour state must be determined for each of the
Great Lakes basins. Insufficient data for these compartments presently prevent
the reliable assessment of atmospheric deposition to the lakes.
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The strategy and instrumentation for assessing atmospheric inputs to the lakes
need to be developed. Field samplers are available to adequately collect rain for
quantifying organic and inorganic pollutant inputs; theoretical and applied research
is badly needed to properly assess the contributions by dry deposition of particles
and vapour exchange.
To properly assess wet deposition, rain and snow collection methodology needs to
be standardized and spatial and seasonal impacts of chemical concentrations
determined for these samples.
To properly assess dry deposition, it is essential to: determine aerosol deposition
velocities as a function of particle size; determine the distribution of chemicals
between the aerosol and vapour phases; determine the concentrations of chemicals
on particles as a function of particle size; characterize meteorological conditions
at the parameterization collection sites; and perform parameterization
experiments in the field and laboratory to verify dry deposition models.
To properly assess vapour exchange at the air—water interface, it is essential to:
determine the distribution of a chemical between the particle (i.e. "bound") and
dissolved phases of the water and the factors which control this; establish the
variations of Henry's Law constant as a function of temperature; determine the
value of the mass transfer coefficient as a function ofenvironmental conditions
(i.e. temperature and wind speed); and to study the dynamic mechanisms of gas
transfer at the air—water inferface.
An integrated, binational atmospheric deposition monitoring network with a
continuing research component is needed to properly assess inputs. While such a
network is being developed, existing monitoring projects need to be continued in
order to ensure baseline data for subsequent trend analysis.
Careful consideration should be given to the selection of specific atmospheric
pollutants for further study. Criteria for selection need to be defined but should
include potential toxic effects, emission strengths, likelihood of an important
atmospheric pathway and ability to analytically measure atmospheric
concentrations.
Sensitive analytical strategies and techniques need to be used to detect and
quantify trace concentrations of selected pollutants.
Aquatic inputs of pollutants from non-atmospheric sources such as from polluted
sediments, tributaries and connecting channels, need to be quantified to construct
a proper mass balance model.
Models describing the atmospheric fate and transport of pollutants need to be
linked to aquatic fate models.
Chemical accumulation in and deposition to small, remote lakes should be studied
as such investigations may provide suitable surrogates for determining inputs to
and process-related parameters relevant to the Great Lakes.
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 NORTH AMERICAN EMISSIONS INVENTORIES OF 14 PRIORITY TOXIC CHEMICALS:
A SUMMARY
INTRODUCTION
Atmospheric input of toxic trace metals and organic compounds to the Great Lakes
basin is recognized as a significant contribution and in some cases, the dominant
contribution, to the presence of these toxic chemicals in the Great Lakes ecosystem.
Fuller knowledge of this atmospheric contribution is essential in establishing the
cause-effect relationship between inputs to the lake and the state of health of the
aquatic ecosystem. Rational management of this valuable ecosystem requires such
scientific understanding.
A fundamental component of the atmospheric system depositing to the Great Lakes
is the emissions of the relevant toxic chemicals. Characterizing these emissions with
adequate resolution in space and time is an elusive goal, but progress toward this goal is
necessary if better understanding is to be attained. Information has been assembled on
emissions and usage on the fourteen (ll from WQB and 3 extra) priority toxic chemicals
designated by the International Joint Commission for an initial, indepth study. These
chemicals include trace metals, commercial and industrial chemicals or byproducts and
organic pesticides.
EMISSIONS/PRODUCTION/USAGE
A summary of information on emissions and usage, obtained from various agencies
and through an extensive literature survey is shown in Table 5. For Canada and the
United States, the year of the most recent emission data found and the availability of
national and regional totals for the United States and national and provincial totals for
Canada are shown. Also, the availability of emission sectorial data is indicated. Table
5 reveals that relatively complete emission estimates are available for only the metals
lead, mercury, cadmium and arsenic, with limited emissions information reported for
PAH and PCDD/PCDF for both countries and for hexachlorobenzene in the United
States. For the remaining chemicals, where essentially no emissions information is
available, the acquisition of data on production/sales and usage is a preliminary step
toward estimating emissions.
1. Lead. Mercury. Cadmium and Arsenic
The most complete emissions information is for lead. Data for each of the metals
have been obtained for 1985 in the United States and 1982 in Canada. Data include
provincial total in Canada and regional (census) total in the United States for each
of the primary emitting sectors. Historical and projected emissions of lead were
also acquired, as were indicators of future changes in emission levels for the other
metals.
2. PAH. BaP, PCBS, PCDD/PCDF and HCB
PAH and Ba? are undesired byproducts of combustion. The limited estimates found
for them vary among authors because of differing emissions factors and the
incomplete nature of their data and the strong dependence of these emissions on
process conditions.
Estimated emissions of PCBs are not available. Data are presented on the
historical production and sales of PCBs and amounts in use and in storage.
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 EPILOGUE
Summarizing Paper:
Timothy F.H. Allen
The
International
Joint
Commission (IJC), Canada
and
the United
States,
deals with
complex
issues
for which
the
complexity
derives
partly
from
a
need
to
be
concerned
with
two
different
but
overlapping
mosaics:
political
units
along
with
ecological
patches
on
the
landscape
(Gilbertson
1985).
Some
political
boundaries
may
follow
ecologically significant features
on the landscape such as borders defined by rivers or
shorelines;
but,
many
political
lines
of
demarkation
cut
across
natural
ecological
divisions and have
ecological significance only in the way
that they can divide patterns
of human exploitation of natural resources.
OBSERVATIONAL CRITERIA AND COMPLEXITY
Ecological and political
systems
have
no simple
mapping of one
onto the other,
therefore, studying the interaction of such entities is a difficult business.
It entails a
change
in observational criteria that
must
be
carefully
conducted
to assure
the
elicitation of any workable relationship.
Complexity
Modern
systems
theory
shows
that
complexity comes not from the object
being investigated but the manner
in which
investigation is conducted (Allen and Starr, 1982).
The
critical
factor generating
complexity
is how
a system
is described.
Complexity
increases
if
the
description
invokes
several
levels
of
organization
simultaneously; thus problems dealing with the political implications of the
border between Canada and the United States of America are complex.
Before
any adequate
prescription for the
solution of
transboundary
problems
is
possible, there must first be an adequate description of the interacting elements in the
problems.
Such a description in the Great Lakes region probably involves more than just
two nation states, even more than a handful of states and a couple of provinces. It should
also consider local townships within the upper—level political entities (L. Keith Bulen,
personal communication).
The
form of the problems to be solved forces us to couch
questions in terms of the interaction of many political and ecological levels. Once the
questions are asked, the multitude of levels cannot be avoided and the complexity occurs
by the formal definition above.
HIERARCHY THEORY:
LEVELS, BOUNDARIES
AND
BORDERS
Boundaries
There is a body of ideas, collectively
called "hierarchial theory," which
addresses complex systems. It is par—
ticularly suitable for analyzing large scale ecological and political systems as
they interact in a spatial matrix. In ecosystems and also particularly in
political systems, the placement of boundaries greatly influences the
outcome. Boundaries are recognized, in hierarchy theory, as critical to our
understanding.
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 For
example,
change
in forest
vegetation
over
time demands
an
explanation
that is different
from
the
explanation
for
forest—soil
nutrient
accumulation
even if it is the same forest under consideration.
Réle
In
a
sense,
function
of
réle of
an
entity
is the
opposite
of
an
explanation
of
how
the
entity
works.
This
is
because
"mile" or "purpose" implies a relationship mg
to the next level down but to the
next level up.
We
have no difficulty in recognizing a man as both a father
and a factory worker.
The role or purpose of a given entity is determined by
the criteria for observation that assign the upper level. The difference comes
from the upper level to which we chose to assign him, the family or the
workplace, respectively.
An important axiom is associated with the preceding definitions. A given piece of
ground may be recognized as both part of the territory of a nation/state and part of an
upper—level ecological system.
The central point is that WE MUST BE UNAMBIGUOUS
AS TO WHICH IS THE UPPER LEVEL WE
CHOOSE TO ADDRESS
THROUGH
THE
QUESTIONS WE ASK.
OBSERVATIONAL CRITERIA: PERSPECTIVE AND PERCEPTION
It is easy to mistake boundaries as being unimportant by virtue of their not being
relevant to some alternative criterion for observation. This error can be disastrous if
several different world viewsor perceptions are required to solve a problem.
An ecologist might assert that national boundaries (borders) are arbitrary political
lines and thus insignificant. To do so would be a mistake. Similarly, a politician untrained
in ecology might not appreciate the characteristics of the edge of an ecosystem and
mistakenly assert the edge is unimportant because it is intangible and hard to recognize
on the ground.
If one considers the atmospheric aspects of an ecosystem, then the
boundary becomes spatially ambiguous even though there exists an important closure of
loops of interaction. The ecologist is self-righteous and the politician is ecologically—
insensitive when each discounts the critical boundaries of the other.
The problem is not esoteric because politics and ecology need become bedfellows in
many everyday circumstances. Cases in point would be when we consider the use of
natural resources or the diffusion of ecologically significant chemicals such as pesticides
(Gilbertson 1985).
RECOMMENDATION
A rapprochement between ecological and political
world views is important and is worth some
investment of effort.
PROCESS ATTENUATION
The boundary around an entity is a structural reflection of a sharp change in the
force of critical processes. Natural boundaries are the places where a large number of
processes all attenuate at once.
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 The physical nature of boundaries is a powerful and helpful factor for prediction
because of the coincidence of many factors in one frame. This is also true for the
physical nature of political boundaries in that money, traffic flow, Culture and
jurisdiction, amongst other things, all reach their limits at the same points in space.
Ecological boundaries also meet the criterion for being natural surfaces. Watershed
effects, for example, run along limits of nutrient budgets and reflect some aspects of the
limits of the distribution of many species in that fish occupy some watersheds and not
others. This is the reason for many societal laws about connecting different riverine
systems. In societal laws about watersheds, we see the interaction of political and
ecological considerations. This is only possible when the political boundaries in question
completely surround the ecological watershed.
RECOMMENDATION In advising the governments of the United States
and Canada, the IJC should be cognizant of the
special responsibility in creating international
political regions which can contain and therefore
be effective stewards of international ecological
entities. Regions for atmospheric problems may sit
back from the international frontier hundreds of
miles.
THE MATTER OF SCALE AND PREDICTIONS CONCERNING THE ATMOSPHERE
Making a recommendation about control in the atmospheric deposition system
between Canada and the United States essentially amounts to reliance on two predictions:
1. what will happen if the recommendation is not followed?; and
2. what will happen if it is?
Note regarding "prediction" All system description has an implicit
level of analysis. The behavior of most
systems can be predicted when
described at some appropriate level of resolution and analysis, but any system
can appear unpredictable if analyzed at an inappropriate level. We now have
some understanding of the differences between system specifications which
are workable and those which are not. The critical criterion is the scale used
by the scientist or manager.
One class of workable perspectives yields "small number systems" where the parts are
few enough so that each can have, if necessary, its own equation (e.g. a model of planets
revolving to give a solar system). Another class of manageable systems is called "large
number systems and here there are so many parts that one can predict using the average
part (e.g. the use ofperfect gas particles to yield the gas laws). The trouble occurs with
"middle number systems" where there are too many parts to model each separately, but
not enough so as to subsume their individuality in an average.
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 RECOMMENDATION
If
the
level
the
scientist
or
manager
uses
for
system
description
yields
a
middle—number
system,
there
are
two
courses
of
action:
(1)
respecify
the
relative
scale
by
asking
a
different
question;
or (2)
start again
with
a new
set
of
parts
that
gives
a
new
definition
to
system
structure.
If one
is
to
make
realistic
and
helpful
policy
for
atmospheric
deposition
in
northern
North
America,
IT
IS
ESSENTIAL
TO
SPECIFY
AT
THE
RIGHT
LEVEL.
SYSTEM SPECIFICATION
There is no reason to expect the effective level of description to allow a separation
of system parts by international boundaries. In fact, it is unlikely to do 50.
An insistence
on modeling the two nations as discrete entities will yield a middle—number specification
of the system when questions of international ecological concern are posed. The system
so specified will have an intractable number of significant factors that cannot be ignored
and still give predictions.
This means that (for well—established reasons from system science) functionally,
there is probably no system specification that can both recognize the international
frontier and address questions of regional deposition. Note, for example, that processes
of the Great Lakes region mix waters of Canada and the United States as well as the
atmosphere above them, yet flows of information are stronger within countries than
between them.
RECOMMENDATION
The
system
must
be respecified as a "small" or
"large"
number
system
which
asserts
parts
according to the principal flows and processes, not
the international frontier.
The problem of atmospheric deposition of toxic chemicals is an interference pattern
between two sets of independent processes both operating on the same part of the earth's
surface.
The political and economic mosaic has very real flows and cycles that produce
the human
mosaic with its settlements, transport and information systems.
This is the
system that generates the material causing the deposition problem.
The pieces of the
ecological mosaic
are cells on the landscape formed by closure of ecological fluxes.
These ecological processes are the means whereby deposition is manifested.
The human
mosaic and the ecosystem mosaic are related: one is the source and the other is the sink.
Therefore, if we are to solve the pressing questions of Great Lakes deposition we must
somehow describe the interaction of the two sets of processes.
OPPORTUNITIES FOR
SHARED
PROBLEM SOLVING
The problem is difficult because it needs to be addressed at several levels of
organization simultaneously. At least one level of analysis must address both the human
(technocultural) and the ecosystem mosaics simultaneously and that level has to be high
enough so as to subsume both the political and the ecological systems as joint subsystems
of some even larger system.
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 The
link
betw
een
the
cult
ural
and
ecol
ogic
al o
bser
vati
onal
crite
ria
only
occu
rs a
t
leve
ls h
igh
eno
ugh
to i
ncor
pora
te b
oth.
The
high
er t
he m
etal
evel
, t
he m
ore
com
ple
x t
he
prob
lem
beca
use
a hi
gher
meta
leve
l co
ntai
ns m
ore
inte
rmed
iate
level
s to
be i
nclu
ded
in
the analysis and the implementation of the solution.
The
gov
ern
men
ts
of C
ana
da
and
the
Uni
ted
Stat
es,
as
sepa
rate
enti
ties
, a
re
at
too
low
a le
vel
to a
ttac
k th
e pr
obl
em a
nd
to f
ind
the
best
solu
tion
to t
oxic
depo
siti
on i
ssue
s in
the
Gre
at
Lak
es
regi
on.
Ves
ted
nati
onal
inte
rest
mus
t b
e s
ubs
ume
d b
y a
larg
er
inte
rest
,
the
inte
rnat
iona
l le
vel.
The
opt
ima
l s
olut
ion
for
eith
er n
atio
n al
one
is n
ot r
elev
ant
sinc
e
the
per
fec
t s
olu
tio
n fo
r o
ne
is p
rob
abl
y u
nac
cep
tab
le
to t
he
oth
er.
The
only
solu
tion
that
mat
ter
s (n
ow a
nd f
or t
he l
ong
haul
) is
at t
he
inte
rnat
iona
l le
vel
whe
re
rec
omm
end
ati
ons
for
acti
on n
eed
only
be a
cce
pta
ble
to b
oth.
The
sep
ara
te n
atio
ns,
ther
efor
e, d
o no
t de
ter
min
e th
e so
luti
ons.
Rath
er,
the
y ar
e a
set
of l
imit
atio
ns
on
wha
t is
poss
ible
.
The
actu
al
det
erm
ina
tio
n o
f c
ours
e o
f a
ctio
n c
ome
s
fro
m
the
uppe
r,
international level.
The
only
inte
rest
s t
hat
can
be
prop
erly
serv
ed
are
thos
e o
f t
he
enti
re
pop
ula
ce
ind
epe
nde
nt
of
nati
onal
ity.
The
pro
ble
m m
ust
be
cou
che
d i
n t
he
mos
t g
ener
al
term
s.
Onl
y a
rgu
men
ts
mad
e f
rom
the
pos
iti
on
of
mut
ual
lon
g—t
erm
con
cer
n w
ill
pre
vai
l.
Arg
ume
nts
mad
e a
t t
he
low
er
leve
ls
will
lead
to
mid
dle
—nu
mbe
r s
yst
em
conf
usio
n.
At
low
er
leve
ls,
if
all
part
ies
do
not
find
thei
r i
nter
ests
serv
ed,
then
indi
vidu
al
smal
l—sc
ale
even
ts (
like
a lo
bby
or a
loca
l po
liti
cal
man
euv
er)
can
easi
ly d
iver
t th
e c
ours
e
of
act
ion
in u
npr
edi
cta
ble
and
pos
sib
ly
cou
nte
r—p
rod
uct
ive
way
s.
To
ach
iev
e t
he h
igh
leve
l o
f an
alys
is t
hat
is r
equi
red,
the
proc
ess
of n
egot
iati
on m
ust
be a
s al
l—e
nco
mpa
ssi
ng a
s po
ssib
le.
It is
best
to d
eal
with
as m
uch
of t
he
enti
re b
ord
er
as
poss
ible
to
pre
ven
t a
pro
pos
ed
solu
tion
fro
m b
eco
min
g u
nsta
ble
bec
aus
e o
f l
ocal
cons
ider
atio
ns.
The
pro
ble
m m
ay
be
as
loca
lize
d a
s t
he
Nia
gar
a R
iver
, b
ut
it i
s b
est
app
roa
che
d a
t t
he
leve
l o
f l
ong
—te
rm
inte
rnat
iona
l r
elat
ions
(Gil
bert
son
1985
).
Any
mor
e—l
oca
l a
ttac
ks
will
be
blun
ted
by
at l
east
one
of t
he
num
ero
us
loca
l c
onsi
dera
tion
s.
The
inte
rest
s of
all l
ocal
busi
ness
, th
roug
h its
lobb
y, c
ould
easil
y scu
ttle
all o
ther
effo
rts
to s
erve
the
comm
onwe
alth
of t
he m
illi
ons
acro
ss
both
nati
ons
unle
ss
argu
ment
is
conducted with broad scope.
Furt
herm
ore,
the
nego
tiat
ions
shou
ld t
ake
a lo
ng t
ime
and
alwa
ys m
ove
forw
ard
slowl
y.
Fast
—swe
epin
g so
luti
ons
will
lead
to m
iddl
e—nu
mber
syst
em l
oss o
f pr
edic
tabi
lity
beca
use,
in t
he s
hort
run,
low-
leve
l en
titi
es t
hat
oug
ht
to b
e c
onsi
dere
d tr
ivia
l, w
oul
d be
able
to h
ave
an e
ffec
t.
Qui
ck f
ixes
are
vuln
erab
le
to f
atal
disr
upti
ons
fro
m a
ny
of a
very
larg
e nu
mber
of e
vent
s:
what
a Se
nate
comm
itte
e ch
airm
an h
ad f
or b
reak
fast
coul
d ma
ke
a difference.
REC
OMM
END
ATI
ON
Whe
n in
dou
bt a
s to
the
sco
pe o
f a
solu
tion
, t
he
UC
should encourage involvement of the largest
possible pertinent segment of the border, perhaps
all of it. The more measured the pace of action,
the better.
THE IRONY OF NOT COOPERATING
Ther
e ar
e so
me h
appy
twis
ts o
f ir
ony t
hat
com
e fr
om t
he r
ecom
mend
atio
n fo
r sl
ow
deli
bera
tion
. H
ere,
we
can
reco
gniz
e th
e su
rpri
sing
utili
ty of
polit
ical
admi
nist
rati
ons,
on
eith
er
or
both
sides
, d
ragg
ing
their
feet.
Pecu
liar
ly,
the
moll
usca
n p
ace
char
acte
rist
ic o
f la
rge
comm
itte
es a
ppea
rs t
o be
a plu
s in
this
situa
tion.
I am
surp
rise
d
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 to
find
myself
r
e
c
o
m
m
e
n
d
i
n
g
the
insertion
of
yet
m
o
r
e
bureaucratic
levels,
but
I
do.
It
does
not
m
a
t
t
e
r
so
m
u
c
h
w
h
y
it
takes
an
extended
time
to
negotiate,
for
those
reasons
are
only
the
m
e
a
n
s
w
h
e
r
e
b
y
the
low—frequency
behavior
is
achieved.
W
h
a
t
is
crucial
is
that
the
building
of
recommendations
does,
for
whatever
reason,
take
a
long
time.
A
long—term
effort
can
build
unstoppable
inertia.
Even
major
changes
in
administration
after
a
landslide
election
could
not
dismantle
the
proposed
legislation
or
other
pivotal
features
of
the
solution
—-
so
long
as
there
is
a
large—enough
superstructure
defending
the
common
good.
R
E
C
O
M
M
E
N
D
A
T
I
O
N
Use
any
means
to
slow
the
process
of
negotiation.
O
n
the
face
of
it,
the
problem
seems
almost
insurmountable.
There
is,
however,
some
reason
for
us
to
hope
that
we
can
find
a
solution.
When
one
studies
problems
at
the
right
(appropriate)
scale,
m
y
experience
is
that
solutions
come
easier
than
one
expected
at
the
outset.
The
results
are
achieved
as
something
of
a
surprise,
with
the
solution
almost finding itself for you.
Most
of
the
effort
expended
in
getting
a
solution
appears
to
be
spent
in
bringing
the
right
scale
into
play.
This
seems
to
be
the
case
with
the
deposition
problem,
for
the
best
large-scale
monitoring
effort
is
already
focused
on
the
transboundary
region.
This
is
no
accident.
Extensive
ecological
monitoring
networks
are
expensive
and
demand
a
cohesive
effort.
The
effort
required
appears
to
be
too
large—scale
for
the
local
forces
inside
just
one nation.
W
h
y
(the
underlying
reason)
the
best
monitoring
program
covers
the
area
that
it
does
is
the
presence
of
the
international
border
itself.
Being
a
scientific
resource
deployment
problem
and
an
ecological
problem—preventer
of
international
standing,
monitoring
of
cross—border
phenomena
is
husbanded
by
a
body
that
is
big
enough
for
the
job
—-
the
joint
interest
of
two
nations.
While
inside
a
nation
there
is
not
enough
cohesion
to
hold
a
large—scale
monitoring
program
together,
between
two
nations
the
spirit
of
international
cooperation
is
large
enough
to
rise
above
the
squabbles
within
any
one
nation.
The
encouraging
thing
in
all
this
is
the
fact
that
the
monitoring
effort
is
focused
on
the
transboundary
region
almost
without
our
having
tried
to
put
it
there
in
particular.
There
appear
to
be
large—scale
forces
working
for
good
at
an
international
level.
These
forces
seem
to
have
an
emergent
autonomy
——
a
hidden
hand
that
guides
us
to
achieve
things
bigger
than
we
might
have
reasonably
expected,
or
perhaps,
deserved.
If
on
top
of
this
good
fortune,
we
now
focus
on
the
large—scale
problems
consciously
and
conscientiously,
we
might
achieve
even
more:
perhaps
a
workable
solution
to
the
deposition
problem.
It
is
certainly
too
early
to
be
faint—hearted.
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 APPENDIX A
ATMOSPHERIC DEPOSITION WORKSHOP PLANNING COMMITTEE
TERMS OF REFERENCE
BACKGROUND
Both the SAB and the WQB are concerned about the significance of atmospheric
deposition to the Great Lakes and have developed initiatives to investigate various
aspects of the issue. In addition, the International Air Quality Advisory Board provides
the Commission with information on the entire boundary region. Accordingly, the
SAB/WQB have recommended that a Planning Committee be formed representing the
three boards to develop a workshop to address the following:
° Monitoring ° Loadings
° Transport ° Sources
° Policy
Specific questions the Planning Committee may wish to address are:
° consideration of the adequacy of existing programs to determine trends and
estimates of atmospheric loadings of nutrients and contaminants to the Great
Lakes and the current ability to relate to sources;
describe the current understanding in atmospheric monitoring as it relates to
determination of net loadings of nutrients and contaminants to the Great Lakes;
propose a generic protocol for an atmospheric monitoring program that will include
sampling criteria, locations, frequency, sampling devices, sampling storage, etc.;
identify the current state-of—the—art in understanding atmospheric processes and
modeling, identify gaps in that knowledge and understanding, identify what
research activities and requirements are necessary and should be recommended to
fill these gaps; »
examine the current understanding of exchange processes at the air/water
interface;
examine long—range transport and its implications to controlling inputs to the
Great Lakes;
examine current policy and legislation as it relates to atmospheric deposition to
the Great Lakes; and
examine the existence and adequacy of current source/stack monitoring in Canada
and the United States.
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APPENDIX B
ATMOSPHERIC DEPOSITION WORKSHOP PLANNING COMMITTEE
MEMBERSHIP
[IAQAB]
Dr. James W.S. Young (Co—Chairman)
Air Quality and International
Environmental Research Laboratory
Environment Canada
4905 Dufferin Street
Downsview, Ontario M3H 5T4
[SAB]
Dr. Roderick J. Allan
Environment Canada
Lakes Research Branch, NWRI
Canada Centre for Inland Waters
P.O. Box 5050, 867 Lakeshore Road
Burlington, Ontario L7R 4A6
[WQB]
Mr. E. Tony Wagner
Inland Waters Directorate
Environment Canada, Ontario Region
Box 5050, 867 Lakeshore Road
Burlington, Ontario L7R 4A6
LIST
[WQBl
Mr. Peter L. Wise (Co—Chairman)
Great Lakes National Program Office
US. Environmental Protection Agency
536 South Clark Street
Chicago, Illinois 60605
[IAQAB]
Dr. Lester Machta
Environmental Research Laboratory
National Oceanic and
Atmospheric Administration
8060 — 13th Street
Silver Spring, Maryland 20910
[SAB, until August 1986]
Dr. Ruth A. Reck
General Motors Research Laboratory
30500 Mound Road
Warren, Michigan 48090—9055
Secretariat Resnonsibilities
Dr. A.E.P. Watson, Research Scientist
International Joint Commission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario N9A 6T3
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